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Display with reflective isolating separator layer 



5 The present invention relates to a display, in particular to an organic 

LED (OLED) display. 

OLED-Displays as known in the art comprise in general a structure as - 
very schematically - shown in Fig. 1. On a screen glass 30 one or several light emitting 
layers 20 are located (together with other layers such as hole- and electron transporting 

10 layers sandwiched between two electrodes not shown in the fig.) with laterally adjacent 
isolating separator layers 10, which separate two different light emitting layers. The 
separator layers can be higher than the emitting layers as shown in Fig. 1 . It is also 
possible that the separator layer lies underneath the emitting layer, separating different 
pixels of a display towards the substrate only. These isolating separators usually consist 

15 out of a material called "Black Matrix", i.e. a material, which is not reflective. 

When light is emitted from the light emitting layer, for example by a 
recombination of a hole and electron in a OLED, the light is send out from the light 
emitting layer in various directions, amongst them in directions projecting towards the 
separators 10. Normally, light propagating in the substrate cannot leave the display. In 

20 particular, if light falls on this "Black Matrix", it is absorbed and therefore can never 
leave the display. This leads to an unwanted decay in luminance performance of the 
display. 

It is therefore an objective to provide a display that has a higher 
luminance performance. 

25 This objective is achieved by providing a display comprising a ground 

plate and at least one emitting layer and at least one isolating separator layer each 
positioned in contacting manner on said ground plate, the at least one emitting layer and 
the at least one isolating separator layer being positioned adjacent to each other in a 
contacting manner, whereby the isolating separator layer is reflective. 

30 A ground plate in the sense of the invention is in particular a flat 

substrate with a transparent electrode structure, on which the emitting layer and the 
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isolating separator layer can be positioned to extend longitudinally and/or latitudinally 
along the flat surface of the substrate. A suitable ground plate is e.g. a glass screen with 
an ITO (Indium-Tin-Oxide) layer as transparent electrode (Anode) or screen. For the 
ground plate other transparent materials than glass can be used and the transparent 
5 electrode can be formed by other conductive materials. It is also possible that other 
transparent or semi-transparent dielectric layers are located between the substrate and 
the electrode. In addition the ground plate may carry electronic elements, i.e. thin film 
transistors, used for pixel addressing of the device. 

"Reflective" in the sense of the present invention means that the isolating 

10 separator layer is >50 % reflective, more preferred >70 % reflective, more preferred 
>80 % reflective, more preferred >85 % reflective, further more >90 % reflective and 
most preferred <100 % reflective. 

By that way, the light that was sent out from the light emitting layer 
towards the separator is reflected into angles which will allow it to leave through Hie 

15 substrate. 

It should be noted, that the isolating separator layer may overlap the 
emitting layer on that side of the emitting layer that projects from the ground plate. By 
this way, also light that is emitted from the light-emitting layer away from the ground 
plate is reflected in a way that will allow it to leave the display. 
20 Preferably, the thickness of the isolating separator layer is between > 1 0 

nm and ^lO^im, more preferred between > 30 nm and <8^im, yet more preferred 
between > 50 nm and <5(im and most preferred between > 100 nm and <3jam. 

Preferably, the thickness of the light emitting layer is between > 1 nm 
and <: 200 nm, whereas preferred thickness regions of the light emitting layer are 
25 between > 1 nm and <10 nm, between > 10 nm and <50 nm, between > 50 nm and <200 
nm and between > 60 nm and <100 nm. 

Preferably, the thickness of the ground plate is between > 30jim and 
<10mm, whereas preferred thickness regions of the ground plate are between 5mm and 
<10mm, between > 2mm and <5mm, between > 1mm and <2mm and most preferred 
30 between > 30^m and <lmm. 

In a preferred embodiment, the material of said at least one isolating 
separator layer comprises a metal material. A suitable metal material is for example a 
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metal with a flake-structure, which is on the surface of the flakes passivated by 
formation of oxides or other passivation methods. So as a result, the isolating separator 
layer is electrically isolating and with metal reflection properties. Preferably, the 
material of said at least one isolating separator layer comprises a material selected from 
5 a group containing Al, V, Cr, Mn. A most preferred isolating separator layer comprises 
aluminium-flakes. These aluminium flakes can e.g. be obtained by EckartWerke, Furth, 
Germany, as Metalure® metallic dispersions. The typical average and insofar preferred 
particle size of the pigments used within the present invention, especially but not 
limited to the Metalure® pigments is in the range of 9 - 14 jim. The total reflectance of 

10 layers according to a preferred embodiment of the present invention, especially but not 
limited to layers using Metalure® dispersions is preferably > 60%, more preferably > 
70%, yet more preferably > 80% and most preferably > 85% and ^ 100%. A preferred 
key characteristic for a preferred embodiment of the present invention is the possibility 
to adjust the flake orientation, as e.g. described in Li-Piin Sung et al., Journal of 

15 Coatings Technology, 74, 932 (2002) 55, which is hereby fully incorporated by 

reference. Depending on the flake processing conditions, the flake orientation can be 
chosen to exhibit an angle with the substrate. In this way the reflectance of the separator 
layer changes the angle for light trapped in the substrate, while the reflection itself is 
mainly metallic in nature. 

20 In a further preferred embodiment of the present invention, the display 

comprises at least one 7J4 plate and at least one linear polarisation layer positioned 
between said ground plate and said isolating separator layer in such a way, that light 
that moves from the ground plate towards the isolating separator layer as well as light 
that moves from said isolating separator layer towards said ground plate is forced to 

25 pass said at least one X/4 plate and at least one linear polarisation layer. By such an 
arrangement, incoming light that falls on the display is not reflected although the 
isolating separator layer is reflective. Light that passes through said at least one 7J4 
plate and at least one linear polarisation layer and is reflected by the isolating separator 
layer has, after passing once again the at least one 7J4 plate a polarization angle which 

30 is perpendicular to the initial polarization angle and therefore cannot pass the at least 
one linear polarisation layer. For this reason, in a further preferred embodiment the 
surface of said at least one isolating separator is specular reflective. 
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According to a further preferred embodiment of the present invention, 
light impinging on said at least one isolating separator layer in an angle is at least to a 
part reflected in a different angle. By doing so, at least part of the light emitted from the 
emitting layer that would not be able to leave the display due to total reflection on the 
5 ground plate is able to do so, since the angle is changed by the isolating separator layer. 

According to a further preferred embodiment of the present invention, 
the efficacy of the display for white light with a correlated colour temperature of 6500 
K is at least > 0.5 lumen/W, preferred > 1,4 lumen/W, more preferred > 3,8 lumen/W, 
more preferred > 5,2 lumen/W, and most preferred > 5,6 lumen/W. By this way, the 
10 display has a better light-emittance while still meeting the demands in the field. 

In a further preferred embodiment of the present invention, the display is 
formed by ink-jet printing. Light emitting layers applied emit different colours under 
application of an electric field. This allows a fast and efficient manufacture of the 
display. 

.* 

15 In another embodiment the display is formed by photolithography. This 

allows an efficient manufacture of high resolution displays. 

In another embodiment at least one light emitting layer of the display is 
formed by vacuum deposition techniques (evaporation, organic vapour phase 
deposition). This allows a fast and efficient manufacture of the display with non- 
20 dissolvable organic materials. 

It should be noticed that also combinations of two, more than two or all 
of the techniques mentioned above can be used to form a display within the present 
invention. 

■ 

In another preferred embodiment of the present invention, at least one 
25 light conversion layer is used, converting electrically generated light into a different 
colour. This allows to produce a display with superior luminance degradation 
performance. 

Further advantages and features of the present invention can be seen 
together with the accompanying figures in which 

30 
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Fig.l shows a very schematic crossview structure of an isolating 
separator, a light-emitting layer and a ground plate according to a first 
embodiment of the present invention; 

Fig. 2 shows - very schematically - the way of light through a 
5 polarisation layer, a 7J4 plate and an isolating separator layer according 

to a preferred embodiment of the present invention; 
Fig. 3 shows- very schematically - the surface structure of an isolating 
separator layer according to a preferred embodiment of the present 
invention; and 

10 Fig. 4 shows the way of a light projected from the light-emitting layer 

towards the glass screen in a display according to a preferred 
embodiment of the present invention. 



1 5 Fig. 1 shows - very schematically - a part of the structure of a display of 

a first embodiment of the present invention. On a ground plate 30, which may be a glass 
screen with a structure of transparent electrodes, one or several light emitting layers 20 
are located (together with other layers such as hole transporting layers not shown in the 
fig.) with laterally adjacent isolating separator layers 10 positioned in a contacting 
20 manner, which separate two different light emitting layers 20. The structure and design 
■ of the isolating separator layer 10, the light- emitting layer 20 and the ground plate 30, 
which is preferably formed in form of a glass screen with transparent electrode 
structure, as such are prior art and are therefore not discussed in detail. However, any 
structures known in the art may be used within the present invention. 
25 Fig. 2 shows the way of light through a polarisation layer 50, a 7J4 plate 

40 and an isolating separator layer 10 according to a preferred embodiment of the 
present invention. According to this embodiment the display comprises at least one 7J4 
plate 40 and at least one linear polarisation layer 50 positioned between said ground 
plate 30 and said isolating separator layer 10 in such a way, that light that moves from 
the ground plate 30 towards the isolating separator layer 10 as well as light that moves 
from said isolating separator layer 10 towards said ground plate 30 is forced to pass 
said at least one 7J4 plate 40 and at least one linear polarisation layer 50. It is 
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furthermore preferred that the surface of the isolating separator layer 10 is specular 
reflective. 

By doing so, the reflection of light falling on the display can be reduced. 
This is done in the way as - very schematically - shown in Fig. 2 
5 Incoming light falls on the polarisation layer 50, where e.g. only 

horizontally polarized light is let through. Via an 7J4 plate 40, the light is transferred to 
a circular polarized light, which optionally passes through various other layers (not 
shown in Fig. 2) and finally falls on the isolating separator layer 10. Through reflection 
of the isolating separator layer 10, the light is reflected to the 7J4 plate 40, however, the 
10 polarization direction is changed by this reflection in such way that after passing the A/4 
plate 40 the light is now vertically polarized. This light cannot pass the polarization 
layer 50, which in the end results in an absorption of the incoming light. Via such a 
display, incoming light is not reflected, but emitted light from the light emitting layer 
is. This leads to a dramatic increase in the so-called Luminance Contrast Performance 
15 as compared to displays known in the art. 

The Luminance Contrast Performance (LCP) is defined as 

_ Luminance 

^/Reflection 

Displays as known from the state of the art using a „black matrix" that is 
not reflective and a Display as described above will have approximately the same 

20 reflection; however, due to the favourable reflection of light that was emitted from the 
light-emitting layer towards the isolating separator layer according to the present 
invention, this light will be luminated, too, thus increasing the LCP. 

In a further preferred embodiment, light impinging on said at least one 
isolating separator layer 10 in an angle is at least to a part reflected in a different angle. 

25 This results e.g. out of a surface structure of the isolating separator layer 1 0 as - very 
schematically - shown in Fig. 3. As can be seen in Fig. 3, the surface structure consists 
of various flat surfaces, which are positioned adjacent to each other with an angle. Light 
falling on a first surface will be reflected in the same angle as the incoming angle (just 
as in a usual mirror), however, since the flat surfaces are positioned with an angle from 

30 each other, light falling on a second surface will be reflected in another angle as 



WO 2005/055332 PCT7IB2004/052615 

7 

compared as light falling on the first one. A surface structure as shown in Fig. 3 can e.g. 
be achieved by using aluminium flakes as described above. 

An isolating separator layer 10 with a surface structure as shown in Fig. 
3 has the following advantage as shown in Fig. 4, which shows the way of a light 
5 projected from the light-emitting layer 20 towards the ground plate 30 in a display 
according to a preferred embodiment of the present invention. 

In displays as known in the prior art, most of the light that is emitted 
from the light-emitting layer 20 towards the ground plate 30 has such an angle that 
total-reflection occurs. This light will therefore not leave the ground plate 30, thus 
10 reducing the luminance of the display. 

With an isolating separator layer 10 as described above and shown in 
Fig.4, light (as indicated by the arrows) that was emitted from the light-emitting layer 
20 and total-reflected by the ground plate 30 will be reflected by the isolating separator 
layer 10 in various angles. Therefore, at least part of the light (if not all) will then be 
15 able to leave the ground plate 30 and the display. 

Preferably, the efficacy of the display for white light with a correlated 
colour temperature of 6500 K is at least > 0.5 lumen/W, preferred > 1,4 lumen/W, more 
preferred > 3,8 lumen/W, more preferred > 5,2 lumen/W, and most preferred > 5,6 
lumen/W. This means, that a more than 20% increase of light yield as compared to 
20 displays as known in the art can be achieved. 

Preferably, a display as described above can be formed by ink-jet 
printing. The principle of an ink-jet process suitable for the formation of displays is 

25 described e.g. in "Development of Full Colour Passive PLED Displays by Inkjet 
Printing", by C. MacPherson et al, Sid 03 Digest 39.4, 1 191-1 193, 2003, which is 
herein fully incorporated by reference. 

According to a preferred embodiment of this invention a metallic 
separator layer structure is applied in a lift off process. A glass plate containing 

30 required driving electronics and transparent electrodes is coated with a photoresist layer 
[polyvinylpyrrolidone PVP K-90, obtainable from BASF]: [di(4-azido-2- 
sulfonylbenzylidene)acetone disodium, obtainable from TGK] ratio 1:10, UV-exposed, 
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dried and developed. After this processing step, the photoresist is removed from the 
substrate plate where the separator layer is located. Then a 2 \im thick metal layer from 
a Metalure® W2002 dispersion is deposited by spin-coating. After 10 minutes drying at 
80°C, the screen is wetted with diluted nitric acid. After 2 minutes, the photoresist 
5 together with the Metalure® layer above it is removed under high pressure water jet. 
After drying, a 200 nm thick PEDOT Buffer layer (Baytron® P from H.C. Starck) is 
printed and dried for 1 minute at 200°C. Then the red, green and blue emitting polymer 
layers are printed consecutively with a thickness of 70 nm. Cathode deposition and 
packaging finalizes device preparation. 
10 A display according to the present invention is preferred contained in a 

display device for use in household applications, portable applications, monitor 
applications, computer applications. 



* 



